Six patients were studied following general anaesthesia for cholecystectomy or hip replacement. Intravenous morphine was given for postoperative pain relief. Continuous measurements were made of breathing pattern and arterial oxygen saturation for a 12-hour period postoperatively. The effect of breathing either air or 28% oxygen for alternate 2-hour periods was examined. There was no significant effect of oxygen on the number of periods of central apnoea, obstructive apnoea or partial upper airways obstruction. The number of episodes of decreases in oxygen saturation to below 80%, associated with these breathing disturbances, was reduced from 59 to zero by the administration of oxygen. There was a gradual improvement in oxygenation whilst breathing air during the 12-hour postoperative period. The administration of oxygen had a beneficial effect on average arterial oxygen saturation.
Introduction
The major respiratory side effect of morphine is hypoventilation, which is conventionally assessed by intermittent measurement of ventilatory rate and tidal volume. The limitations of intermittent observations were pointed out in an earlier study in which it was found that many patients who were recovering from major surgery showed periodic apnoea for several hours postoperatively (Catling et al. 1980 ). This disturbance of ventilatory control was recognized only by continuous monitoring of breathing, and was attributed to the administration of narcotic analgesics.
In a follow-up study the effects of surgery and general anaesthesia on breathing patterns and oxygenation in the postoperative period were studied in two groups of patients (Catley et al. 1983 (Catley et al. , 1985 . It was expected that apnoeic periods might cause profound decreases in arterial oxygen saturation (Sao2), especially when superimposed upon a persistent abnormality of gas exchange which is particularly notable after upper abdominal or thoracic surgery. Each patient had received a standardized general anaesthetic and was recovering from either cholecystectomy or hip replacement. The patients were randomly allocated to receive either regional analgesia with bupivacaine or an intravenous infusion of morphine over the subsequent 24 hours. The remarkable difference between the two groups of patients was the frequency of episodes of profound oxygen desaturation in the morphine group. Patients receiving morphine had 456 episodes of marked oxygen desaturation (Sao2<80%) which occurred only when the ventilatory pattern was disturbed. In contrast, no patient in the postoperative regional anaesthesia group showed Sao2 less than 87%, despite the fact that patients in this group also had apnoeic episodes.
It has been argued that central apnoea plays a role in the generation of obstructive apnoea and that central apnoea is a manifestation of instability in the feedback control system which governs ventilation (Catley 1984) . Hypoxia and hypercapnia synergistically stimulate chemoreceptors, causing an increased gain in the ventilatory control system. The combination of sleep, morphine and changes in circulation may lead to instabilities in the breathing pattern 1Based on paper read to Section ofAnaesthetics, 7 December 1984. Accepted 24 July 1985 0141-0768/85/121019-04/$02.00/0 . 1985 The Royal Society of Medicine which manifest as sleep-related episodes of hyperventilation and apnoea. Furthermore, termination of periods of obstructive apnoea may be due to partial arousal achieved at certain levels of hypoxia. If this were the case, then the administration of oxygen would prolong the apnoeic period because a longer time would be required to achieve the arousal threshold of hypoxia. In the study reported here we examined the effects of administering oxygen in the postoperative period to patients having intravenous morphine for pain relief, and specifically sought to determine whether supplemental oxygen either abolished the irregularity in breathing, or increased the duration but not the frequency of irregularity.
Methods
The study was approved by the Northwick Park Hospital Ethical Committee. Six patients gave informed consent to the study, all scheduled to have cholecystectomy or hip replacement under general anaesthesia. All patients were non-smokers who were free of cardiorespiratory disease, were a low anaesthetic risk (ASA I or II) and were not obese. The breathing pattern was measured continuously using a respiratory inductive plethysmograph (RIP) which consisted of two transducer bands worn around the rib cage and abdomen. The transducers measured changes in cross-sectional area virtually independent of the shape of the torso. The RIP transducer was calibrated as described by Catley et al. (1985) , then an ear oximeter (Hewlett Packard 47210A) was attached to the patient and recordings of oxygen saturation and ventilatory pattern were made on a polygraphic recorder (SLE 10/8) and on magnetic tape (Racal, Store 4 taperecorder). Recordings of the electroencephalogram (EEG) and electrooculogram (EOG) were made on the polygraphic recorder for subsequent assessment of sleep stages.
Anaesthesia: Preoperative opiate medication (papaveretum 0.13-0.26 mg/kg) and atropine (0.005-0.011 mg/kg) was given one hour before surgery. General anaesthesia was induced with sodium thiopentone followed by pancuronium and the patient was intubated and ventilated with 33% oxygen in nitrous oxide and enflurane (0-1.5%). Morphine 0.04 mg/kg was given intravenously on skin closure. At the end of surgery neuromuscular blockade was reversed with neostigmine and atropine. Once spontaneous ventilation had been re-established, patients were extubated and taken to the recovery area.
Postoperative analgesia: On regaining consciousness and reporting pain, patients were given a 'loading' dose of morphine intravenously at a rate of 1 mg/min until the pain was appreciably reduced. The loading dose of morphine was repeated as a continuous intravenous infusion over the following 24 hours. Once postoperative analgesia had been given, the patient was transferred to the study room where the RIP transducers were replaced and aligned with the skin markings made during the calibration procedure.
Postoperative measurements: Continuous measurements of ventilation, oxygen saturation, EEG, EOG and ECG were then made for at least 12 postoperative hours. For successive 2-hour periods, patients alternately breathed air or 28% oxygen through a facemask. Using computer analysis (Apple II) of the ear oximeter signal, a plot was constructed of the time spent at each oxygen saturation during successive 2-hour periods.
Results Table 1 shows the results of the study. Three of the 6 patients showed hypoxic episodes on air, which were abolished by the administration of oxygen. There was, however, no major effect on the number of apnoeic periods nor on the incidence of partial upper airways obstruction. The fraction of time spent sleeping was unaffected by the administration of oxygen. The typical effect of intermittently administering oxygen and the time spent at a particular Sao2 is shown in Figure 1 for one subject following surgery. During the 12-hour study period there was a gradual shift to higher levels of Sao2 when breathing air. Oxygen saturation % Figure 1 . Example of the percentage of time spent at a particular arterial oxygen saturation in one patient. In each of the 4-hour periods the patient breathed either air for 2 hours or 28% oxygen for 2 hours. The beneficial effect of oxygen breathing can be seen. There is a gradual drift to a higher oxygen saturation throughout the study period
Discussion
In the present and previous studies (Catley et al. 1985) it has been shown that during the postoperative period there is an association between respiratory disturbances, sleep and opiate analgesia; this has been discussed in greater detail by Catley (1984) . It is likely that the interaction between narcotic analgesia and sleep in otherwise normal postoperative patients causes the respiratory disturbances similar to those seen in patients with conventional sleep apnoea syndrome. One of the hypotheses tested in this study was that the administration of oxygen would increase oxygen saturation and reduce the central instability in respiratory control. It is clear from our results that the administration of oxygen, while increasing oxygen saturation, had no beneficial effect on the number of periods of respiratory disturbance. It seems likely, therefore, that the hypoxia induced by morphine is not an important cause of the apnoeic periods. A more likely explanation is that it is an effect of morphine itself, although such episodes in the postoperative period have been seen in patients given regional anaesthesia for pain relief (Catley et al. 1985) . There was a gradual diminution in the time spent at low oxygen saturation during the 12-hour study period. This could be due to a waning of the effects both of the morphine loading dose and of the general anaesthetic itself. It is clear that at all times there was a beneficial effect of oxygen administration. It seems undesirable for patients who are recovering from anaesthesia to be subjected to arterial oxygen desaturation. All patients in this and our previous study (Catley et al. 1985) had normal lung function prior to operation, but major surgery is associated with postoperative hypoxia (Jones 1983 ) and, against this background, episodes of partial and total upper airway obstruction caused profound decreases in Sao2 lasting up to two minutes, the lowest saturation being 72% (Pao2 38 mmHg). Mild hypoxaemia (Sao2=85% for 20 minutes) impairs short-term memory (Crow & Kelman 1971) . Patients with sleep apnoea having hypoxic episodes with a median Sao2 of 76% showed compromised cognitive function in all of five different tests of neuropsychological behaviour, whereas non-hypoxic apnoea patients showed no such defects (Findley et al. 1985) . This type of repeated hypoxia may contribute to cerebral and myocardial injury in older patients with critically impaired circulation to the brain and heart. In patients with episodes of hypoxic obstructive sleep apnoea there are associated elevations of systolic blood pressure, and high values of myocardial blood flow are required to maintain the oxygen balance of the heart muscle (Shepard et al. 1985) .
The relationship between different types of breathing disturbance and hypoxia has been reported previously (Catley 1984) . A remarkable finding was the lack of desaturation to less than 80% in subjects with central apnoea. This is explained by the fact that most of these episodes of central apnoea followed a period of hyperventilation. Consequently, the Sao2 at the beginning of apnoea was high and fell only slightly because of the shape of the oxyhaemoglobin dissociation curve. It should be noted that hypoxaemia was rarely associated with hypoventilation, suggesting that the routine observation of ventilatory rate is an insensitive means for assessment of the adequacy of ventilatory control. It must be emphasized that hypoxic episodes occurred only during light sleep (stages 1 and 2). For 24 hours following general anaesthesia, none of the patients achieved the deeper stage of sleep which is associated with these breathing disturbances in the sleep -apnoea syndromes in non-surgical patients (Partridge 1984) . This may be of significance, because on subsequent nights patients may make up the lost REM sleep and run a renewed risk of sleep apnoea.
Further studies are needed to demonstrate both the beneficial effect of oxygen in the postoperative period and the effects of transient severe hypoxia on cardiac and cerebral function, although it is clear that oxygen did not prevent sleep apnoea in those patients. It is evident from our previous study (Catley et al. 1985 ) that postoperative regional anaesthesia was completely free of hypoxic episodes and might prove to be the ideal form of analgesia in the patient with respiratory disease. If opiates are used, particularly with patientdemand analgesia, then it would seem wise to use a monitor of breathing pattern or Sao2 similar to that used in this study (Jordan 1982) . The administration of controlled oxygen concentration appears to be beneficial. Newly available instruments for measuring beat-to-beat oxygen saturation provide an ideal monitoring device for controlling such therapy.
